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WBS 1. Endcap Muon Management
WBS 2. HCAL Management

WBS 3. Trigger Management

WBS 1. Endcap Muon Cathode Strip
Chambers

WBS 2. HCAL Barrel, plus Endcap and
Forward Transducers and
Readout

WBS 3. First Level Muon and HCAL
Trigger. Event Builder Switch.

WBS 4. ECAL Barrel Transducers and
Front End Electronics
WBS 5. Tracking Forward Pixels

WBS 6. Common Projects - Endcap Yoke
and Barrel Yoke/Vacuum Tank

WBS 7. Project Management



CMS Subdetectors

The tracking system measures trajectories in a magnetic field,
thus determining position and momentum of the produced
particles. There are 3 components of tracking; silicon pixels,
silicon strips, and microstrip gas chambers (MSGC).

The electromagnetic calorimeter (ECAL) measures the energy
and position of the photons and electrons, which strike it. The
ECAL system is made of transparent crystals of PbWQread out
by avalanche photodiodes (APD).

The hadron calorimeter (HCAL) measures the energy and
position of all strongly interacting particles, which impinge upon
it. It is built of scintillator tiles and wavelength shifter (WLS)
fibers read out by hybrid photodiodes (HPD) in the barrel and
endcap (HB and HE) and quartz fibers read out by
photomultipliers (PMT) in the forward region (HF).

The magnet is a 4T electromagnet with a superconducting
cryogenically cooled coil enclosed in a vacuum tank whose
magnetic flux is returned by barrel and endcap steel (YB and
YE).

The muon system remeasures the momentum and position of the
muons, which survive the passage through all the other CMS
detectors. The detectors are drift tubes in the barrel (MB) and
cathode strip chambers (CSC) in the endcap (ME). Resistive plate
chambers (RPC) are also used as a second, redundant, trigger
system.

The CMS detector operates at 1interactions/sec. The function
of the trigger system is to first reduce the rate to 100 kHz of
interesting events ((L1) and then to 100 Hz of events to be saved
for later examination (L2). The function of the data acquisition
system (DAQ) is to assemble the full event from the subsystem
data and record it on some permanent medium.
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= US CMS Project

US CMS
Project Management
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me US CMS L2 Managers

US CVS Priect

Dan Green
Technical Director
Ed Temple - Project Manager
Steve Reucroft - NSF Liason

Gena Mitselmakher Roger Rusack Dick Loveless (US CMS Project Engineer)
EMU L2 Manager il ECAL L2 manager Common Projects L2 manager | | | Project Office
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Trigger/DAQ
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L2 Participation

Endcap Muon

Hadron Calorimeter

Trigger/DAQ

Alabama Boston UC Davis
UC Davis UCLA UCLA
UCLA Fairfield UC San Diego
UC Riverside Fermilab Fermilab
Carnegie Mellon Florida State lowa
Fermilab Illinois Chicago lowa State
Florida lowa MIT
Livermore lowa State Mississippi
SUNY Stony Brook Maryland Nebraska
Northeastern Minnesota Northeastern
Ohio State Mississippi Ohio State
Purdue Notre Dame Rice
Rice Purdue Wisconsin
UT Dallas Rochester
Wisconsin Texas Tech
Virginia Tech
Electromagnetic Calorimeter Tracking Software
Brookhaven UC Davis UC Davis
Caltech Fermilab UCLA
Fermilab Florida State (SCRI) UC Riverside
Livermore Johns Hopkins UC San Diego
Minnesota Livermore Caltech
Northeastern Los Alamos Carnegie Mellon
Princeton Mississippi Fermilab
Northwestern Florida
Purdue Florida State (SCRI)
Rice Johns Hopkins
Texas Tech Livermore
Maryland
Missesota
SUNY Stony Brook
Northeastern
Princeton
Purdue
Rice
Wisconsin
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L1 US CMS Schedule

bl |
WES Task Hame 1997 1998 1999 2000 2001 2002 2003 2004 2005
Jan [ Jdul [Jan [ Jul [Jan [ Jul TJan [ Jdut [dan T Jul TJan [ dul [dan T Jul [ dan ] dul [Jan [ Ju
1 L1 - US CMS Project
14 Experimental Halls
1141 D=Design, AH=~Azzembly Hall
11.2 F=Fahricate AH
11.3 Bio=Beneficial Occup AH
114 O CH=Collision Hall
115 LEP stop
116 FCH
117 BO CH
1.2 Magnet
1.21 Azzemble coil in AH
122 el outer and inner tanks
123 Final Weld of Yactank
124 HB in Yac Tank-test
125 hag power test in AH
126 |=Inzstall magnet in CH
127 C=Commizsion magnet in CH
1.3 Yoke-Endcap{¥YE)
131 Aszemble YE- yoke
132 Azzemble YE+ yoke
1.4 Muon
141 Azzemble C5C YE-in AH
142 Azzemble CSC YE+in AH
143 I ME in CH
1.5 HCAL
141 Azzemble HE+ in AH
152 Azzemble HB- in AH
153 In=ert HB into Magnet in CH
154 Commizsion HB
155 Azzemble HE+
156 HE+YE+ connect
1457 Azzemble HE-
158 HE-%E- connect
1549 Azzemble HF in AH
1510 Inztall HF and shielding
16 ECAL - install EB
1.7 Tracker - install
18 Install Counting Room
19 BO Underground Counting House $22 Sep
110 CMS - First Beam 18-
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US CMS L1 Milestones

WBS Task Hame Duration Start

1 HL1 - US CMS Project 2253d Wed 27-11-96
11 Experimental Halls 1698d Wed 27-11-96
1.1.3 BO=Beneficial Dccup AH 0 Fri01-10-99
115 LEP =stop O bon 02-10-00
117 B CH Ol Mon 02-06-03
1.2 Magnet 1038d Thu 03-02-00
1.2.4 HB in Yac Tank-test 0d Mon 03-03-03
1.25 hag poveer test in AH 0 Fri 01-05-03
1.5 HCAL 1045d Wed 04-07-01
156 HE+%E+ connect O Tue 28-01-03
158 HE-%E- connect Ol Thu 15-05-03
1.9 BO Underground Counting House 0d Mon 22-09-03
1.10 CMS - First Beamn O on 15-07-05
1.11 Us CMS Baseline O Mon 02-03-95
1.12 us CMS MOU Ol Tue 14-04-95
113 US CMS End of Project Ol Fri 01-10-04
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Progress and Status

US CMS Constitution written. Project Office (PO)
and Collaboration are distinct.

US CMS Project Management Plan (PMP) is
rewritten. PO has been strengthened. Technical
Director and Construction Project Manager
appointed.

Project Engineers have been hired for the full Project and
for the EMU and HCAL L2 subprojects.

An integrated cost and schedule has been put in place
based on MS PROJECT/EXCEL. Both M&S and Labor
are treated uniformly and the WBS Dictionary and
contingency treatment are included.

Contingency, based on HEP experience, has been
uniformly applied to all subsystems at the lowest WBS
level. The Common Project contingency has been
assessed.

A yearly Statement of Work (SOW) has been put in place
for FY98 which sets up tracking and reporting of
obligations and costs at L7 of the WBS (1-10 k$) for each
collaborating institution.

A Memorandum Purchase Order (MPO) is the
default option for the distribution of funds within

the collaboration. Funds will be tracked in the FNAL
financial plan with a small passthrough rate applied
to US CMS Project funds. This method improves the
PO control of contingency funds.
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= Contingency Analysis

Contingency = (Design Maturity) * (Judgment)

Design Maturity

DM =1.5: Thereis only a conceptual design.

DM =1.4: There is a RFI or request for vendor information,
with engineering sketches.

DM =1.3: Thereis a TDR with an engineering design.

DM =1.2: There is a bid package ready to go out, or a quote.

DM =1.1: The bid is awarded, or a purchase order is written,
or the item is from a catalogue.

DM =1.0: The item is invoiced/completed.

Judgment

There are other factors which should be taken into
account. The schedule risk if the item is on or
influences the critical path items should be taken into
account. The technical risk is crucial. Is the item new
design (e.g. pixel readout) or a small modification (e.g.
tile/fiber optics) or is it a standard design (e.g. the
CSC gas system)? The range for judgment might
typically go from 1.0 to 1.5 depending on the schedule
and technical risk factors or on other considerations.
This factor should be uniformly applied at L7.

Note that, other HEP experience is relevant in making an informed
judgment as to the level of contingency. In quoting past experience,
one should take the projects most similar to the present US CMS
effort.
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US CMS WBS Rollup
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E: ) WBS Cost Drivers, L2

EMU + HCAL + CP + TRIDAS = 83% of the TEC

Subsystems inTEC

Common
16% EMU

PM

5
TRACK
5%

ECAL
%

TRIDAS
12% 30%
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) WBS Cost Drivers
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The M&S Purchases dominate the WBS Cost Estimate,
followed by Contingency, EDIA, and Escalation in that
Order.

TPC COMPONE NTS

Escal

R &D 11%
4%

Cont
17%

M&S
49%

12% Labor
7%
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e WBS Dictionary

o
=

The US CMS WBS Dictionary uses the “notes field” in
MS Project so that it exists as an integral part of the
overall cost and schedule file. The Basis of Estimate

(BOE) exists in hard copy, maintained by each L2
manager.

e.q. WBS 7., Project Office:

The basziz of estimate for the S CMS Project Office iz derved from the costs
af project management incurred in comparable projects. The N5SF costs are
zpecificaly gven by Steve Reucroft of MEL.
COF: This iz a 55 M$ project with substantial foreign contributions in addition.
The PO haz: 4 BFTE=2FTEPM. 0B FTEPE.1 FTE FO and 1 FTE
Sec.
Babar: This iz a b6 M$ project with substantial foreign contnbutionz i addition.
The PO haz 35 FTE=1FTEPM. 1 FTE PE. 1 FTE FO
Fhernis Thiz iz a 43 M$ DOE project, but the tatal i about 100 M$ due to
foreign contributions. The PO haz 12 FTE =1 FTE PM. 2 FTE DM,
2FTE PE. 2FTE Secretary, 1 FTE Project &dminiztrator, 1 FTE
procurement specialist, 1 FTE facility manager, 1 FTE Spstem
|rtegration manager, 1 FTE RHIC hazon. U5 CMS haz PE supported
b the L2 zubzystems, the spstems integration iz vested with CERM, az
1z the LHC lazon. &llowing for thoze differences, B FTE would be the
adjusted eztimate. However, PHEMI= feels it was light on the FTE
levels.
15 CM5: Thiz iz a 168 M$ project. [t iz not responzible for installation and
commizzsioning. [Eig not rezponzible tor loreign contributions. | here
Iz ho posszibility of scope creep in the S CM5S Project.
The PO haz FFTE=1FTE PM.1FTEDPM.T1FTE PE. 1 FTE FO
1 FTE zoftware profezzional, 1 FTE Secretary, 1 FTE A,
Conszultants are budgetted for in engineenng, ES&EH and QAL
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US CMS Obligation Profile

.%I I.;'. | EI

The annual obligation profile is derived from the
resource-loaded cost and schedule for each L2
subsystem of US CMS.

US CMS Yearly Obligtion Profile

30
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20 | W Proj Man
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15 + OECAL
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US CMS L1 Resource Pool

The L2 subsystem resources, along with the L1 “generic”
resource costs, both labor and M&S, form the L1 resource

pool.
| Rezource Name Initials

1 senior scientist ph
2 | post-doc pd
3 computer profeszional - fermil | cp
4 engineer - fermilab En
5 | desigrer - fermilab dz
6 | drafter - fermilab df
¥ | machinizst - fermilab ma
8 |technical specialist - Fermilab | ts
9 |technician - fermilab b
10 |temp or student - fermilab tm
11 | engineer - universiy eu
12 |technician - university by
13 | machinist - university 4
14 | temp or student- university | su
15
16 | Technical Directar pr
17 | Construction PM dprn
18 |Project Eng | pe
19 | Secretany zec
20 |L2 Managers 2
21 |ESi4H Consulting ESH
22 | 2A/C Consuling gac
23 | Financial Officer fir
24 | Software Professional zp
25 | FMAL Eng Consultants fe
26 | MEU Admin Agst heuaa
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Group Max. Unitsz | Std. Rate Owt. Rate Costflze

Sicientizt 1] $0.00/d $0.00/d $0.00
Sicientist 1] $0.00/d $0.00/d $0.00
Fermilab 1] $422 80/d $0.00/d $0.00
Fermilab 1] $422 80/d $0.00/d $0.00
Fermilab 1] $370.40/d $0.00/d $0.00
Fermilab 1] $289.20/d $0.00/d $0.00
Fermilab 1] $447 20/d $0.00/d $0.00
Fermilab 1] $£218.40/d $0.00/d $0.00
Fermilab 1] $218.40/d $0.00/d $0.00
Fermilab 1] $101.20/d $0.00/d $0.00
I rivverzity N $600.00/d $0.00/d $0.00
I rivverzity N $240.00/d $0.00/d $0.00
I rivversity N $280.00/d $0.00/d $0.00
[ niversity 1] $80.00/d $0.00/d $0.00
PO Labor 1 $0.00/d $0.00/d $0.00
PO Labor 1 $1.000.00/d $0.00/d $0.00
PO Labor 1 $200.00/d $0.00/d $0.00
PO Labor 1 $200.00/d $0.00/d $0.00
PO Labor 1 $0.00/d $0.00/d $0.00
PO Labor 1 $400.00./d $0.00/d $0.00
PO Labor 1 $400.00/d $0.00/d $0.00
PO Labor 1 $400.00/d $0.00/d $0.00
PO Labor 1 $300.00/d $0.00/d $0.00
PO Labor 1 $500.00/d $0.00/d $0.00
PO Labor 1 $272.00/d $0.00/d $0.00
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= US CMS Manpower Profiles

The US CMS Project supports about 250 Ph.D.
physicists. The project requires significant levels of
engineering and technical manpower during the
construction phase. During the phase where the
experimental collaboration is taking data and in a
phase of maintenance and operation, a constant level
of base program support is assumed, based on the
experience of LEP experiments.

US CMS - Total Workforce
350
300 O E ngineers
250 // -
E 200 / BT echnicians
150
100 | @B as e S upport
50 BWPhysicsts
0
at A S H P
P & oy
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L2 Subsystem Summaries

[ presentation by L2 manager]

e System overview
e L2 organization

L2 milestones

e L2 status and progress, the percent complete

« WBS summary

» Schedule (MS Project) summary

e Manpower profile

» Obligation profile

« Concerns and how they are being addressed.
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= Concerns and Actions Taken

» The contingency on Common Projects is difficult to
assess. A meeting between the US CMS PMG and the
CMS Magnet Technical Manager and Resource Manager
was held at Fermilab to review the magnet Basis of
Estimate (BOE).

» The contingency for the Project did not reflect past HEP
experience. A series of meeting of the FNAL PMG
reviewed each L2 subsystem in turn, examining the
contingency levels uniformly across subsystems and in
detail.

* The funding of the groups within US CMS was not
sufficiently controlled. A Memorandum Purchase Order
system was adopted as this provided more management
control of the funding. A Statement of Work with each US
CMS collaborating institution was written where
deliverables and scope of work are specified to the lowest
WBS level.

* The governance of US CMS did not distinguish between
the experiment and the project management. Don Reeder
heads the US CMS experiment as the Spokesperson. Dan
Green and Ed Temple head the project management as
the Technical Director and the Construction Project
Manager respectively.
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